The use of native microorganisms with probiotic capacity is an alternative tool for the treatment and prevention of several diseases that affect animals, such as neonatal calf diarrhoea. The selection of probiotic strains within a collection is based on different in vitro and in vivo assays, which predict their potential. The aim of this study was to characterise a group of native Lactobacillus spp. strains isolated from faeces of healthy calves using an in vitro approach and to assess their ability to colonise the gastrointestinal tract (GIT) of calves. Native Lactobacillus spp. strains were evaluated on their capacity to survive low pH conditions and bile salts presence, biofilm formation and adhesion to both mucus and Caco-2 cells. Based on the in vitro characterisation, four strains (Lactobacillus johnsonii TP1.1, Lactobacillus reuteri TP1.3B, L. johnsonii TP1.6 and Lactobacillus amylovorus TP8.7) were selected to evaluate their capacity to colonise and persist in the GIT of calves. The assessment of enteric persistence involved an in vivo assay with oral administration of probiotics and quantification in faeces of the administered bacterial species with real-time quantitative PCR (qPCR). The study was conducted using 15 calves (1-month-old) which were divided into five groups of three animals, four of which were treated with four different selected strains and one was the control group. Strains TP1.3B and TP1.6 managed to persist in treated animals until ten days after the end of the administration period, indicating that they could be promising candidates for the design of probiotics for calves.
Introduction
The global demand for dairy products has experienced a steady growth and, to improve production yields, the number of intensive farming systems has increased (Alvarez et al., 2008; Basset-Mens et al., 2009) . In these systems, calves are usually separated from their mothers at the moment of birth, are grouped together in high densities and fed with either milk or milk substitutes (Ventura et al., 2013) . These factors generate stress and hinder the colonisation of a healthy microbiota, facilitating the intestinal colonisation by pathogens and the emergence of diseases, such as neonatal calf diarrhoea (NCD, Signorini et al., 2012) . Economic losses due to calves morbidity and mortality, treatment costs and slow growth rates increase every year and are common problems worldwide for livestock producers (Ok et al., 2009 ).
The concern that widespread antibiotic use has contributed to the increase of bacterial resistance has led to a total ban on their use as feed additives in Europe (Anadón et al., 2006) . In this regard, the use of probiotics appears as a promising strategy for prevention and treatment of several diseases, and there are several reports on the benefits of their administration to animals and humans (Kneifel and Salminem, 2011; Musa et al., 2009) . Probiotics are live microorganisms, which when administered in adequate amounts, confer a health benefit on the host (FAO/WHO, 2002) . The search for probiotics is focused on bacteria that are part of the native microbiota, seeking safety, persistence and adaptability in the host (Frese et al., 2011; Ripamonti et al., 2011) . It is desirable that the strains resist the action of bile salts and acids in order to survive the passage through the gastrointestinal tract (GIT) (Bezkorovainy, 2001; Maldonado et al., 2012; Morelli, 2007) to intestinal epithelial cells and mucus, to promote the colonisation of the gut (Ouwehand et al., 2001) . Strains are also evaluated on their ability to inhibit the growth and adhesion of pathogens by displacement (Collado et al., 2007) or the release of diffusible substances such as bacteriocins (Dobson et al., 2012) . It is also considered that biofilms play a role in the intimate relationship between the biotic surfaces and microbiota (Kolter and Greenberg, 2006; Ocaña and Nader-Macías, 2002) .
It has been demonstrated that calves fed with probiotics require less treatment against infectious diseases (Musa et al., 2009) , and the incidence and severity of NCD can be reduced (Jatkauskas and Vrotniakienė, 2014; Signorini et al., 2012; Von Buenau et al., 2005) . In one study, the use of probiotics had a better prophylactic effect on NCD compared to antibiotics-based treatments . The use of probiotics accompanies the global trend of promoting preventive and natural feeding practices (Frizzo et al., 2010a) . Lactic acid bacteria (LAB) are prominent members of the normal intestinal microbiota (Gaggìa et al., 2010) and are widely recognised for their beneficial effects, including the contribution to the balance of the microbiota, inhibition of pathogen colonisation and improvement of the host immune response (Isolauri et al., 2001) .
The aim of this study was to evaluate the potential of Lactobacillus spp. strains for their use as probiotics in calves. In addition, in this study an in vivo approach was used to assess the persistence of lactobacilli in the calves' gut.
Materials and methods

Isolation and molecular identification of native Lactobacillus spp. strains
Faeces were collected from 10 suckling calves ranging from one to six months located on three different farms. Samples were transported refrigerated to the lab and processed within 3 h. Faeces were suspended in sterile saline buffer (1:10) and homogenised using a Stomacher™ 400 (Seward, London, UK) for 2 min. Serial dilutions were performed using the homogenised suspensions and each diluted solution was spread plated onto De Man, Rogosa and Sharpe (MRS) agar and Rogosa agar plates (Merck, Kenilworth, NJ, USA). The plates were incubated in anaerobic conditions using AnaeroGen™ and AnaeroJar™ (Oxoid, Basingstoke, UK) at 37 °C for 48 h. Individual bacterial colonies were picked and streaked onto fresh MRS agar plates and were incubated for 24 h at 37 °C in anaerobic conditions. Grampositive and catalase and oxidase-negative colonies were stored in MRS broth with 20% glycerol at -80 °C for further molecular characterisation. When needed, strains were grown on MRS agar or broth at 37 °C under microaerophilic conditions. Molecular identification was done by partial amplification and sequencing of the 16S rDNA using 27F and 1492R universal primers (Lane, 1991) . Total DNA was extracted using the GenElute™ kit (Sigma-Aldrich, Saint Louis, MO, USA). PCR was performed as described elsewhere (Fraga et al., 2015) .
pH and bile salts tolerance
Tolerance to low pH and bile salts was assessed as described by Maragkoudakis et al. (2006) , with modifications. Briefly, lactobacilli from overnight culture (18 h) were centrifuged (10,000×g for 10 min), washed twice with phosphatebuffered saline (PBS) and suspended to an approximate cell concentration of 5×10 7 cfu/ml in the following test solutions: MRS broth adjusted to pH 2, MRS broth adjusted to pH 7 containing 0.3% of bile salts (Sigma-Aldrich) and MRS broth control (pH=5.7). The mixture was incubated at 37 °C for 120 min for low pH tolerance and 240 min for bile salts tolerance. Samples were taken at the beginning and at the end of incubation for the determination of total viable count following the spread-plate method.
Antimicrobial activity assay
Antimicrobial activity was assessed against two pathogens associated with NCD, Salmonella enterica serovar Typhimurium and Escherichia coli. The E. coli strains, 52.1 and 61.1, were isolated from severe cases of NCD in Uruguay and were characterised according to the presence of virulence factors (Umpiérrez et al., 2016) . The S. Typhimurium strain is part of the bacterial strains collection of the Department of Microbiology, IIBCE, Uruguay.
For the detection of antimicrobial activity, an agar spot test was used as described by Jacobsen et al. (1999) with minor modifications. Briefly, Lactobacillus spp. overnight cultures were centrifuged (10,000×g for 10 min), washed twice with PBS and suspended in PBS to get 1×10 7 cfu/ml. A drop of 2 µl of each bacterial suspensions was placed on the surface of plates containing 15 ml of MRS agar and incubated under microaerophilic conditions for 24 h at 37 °C to develop the spots. After that, 100 µl of an overnight culture of the indicator bacteria (E. coli or S. Typhimurium strains) was mixed with 8 ml of soft Brain Heart Infusion agar (0.8% agar) and poured over the plate with MRS with the Lactobacillus spp. spots. The plates were incubated under microaerophilic conditions at 37 °C and diameter of inhibitions zones were measured after 48 h. A clear zone of more than 1 mm around a spot was scored as positive. Each strain was tested in triplicate. Strain Lactobacillus murinus LbP2 was used has a positive control on each plate (Perelmuter et al., 2008) .
In vitro biofilm formation assay
Biofilm formation was assessed as described by Lebeer et al. (2007) with minor modifications. Briefly, on a 96-well polystyrene plate, approximately 1×10 7 cfu of each strain were added to each well in 200 µl of mTSB medium (15 g/l of Triptic Soy Broth and 20 g/l Proteose Peptone, described by Lebeer et al., 2007) and incubated in microaerophilic and static conditions for 48 h. To assess biofilm formation, wells were washed twice with PBS and the remaining attached bacteria were stained for 30 min with 200 µl of a 1% (w/v) solution of crystal violet in an isopropanol-methanol-PBS solution (1:1:18, v/v/v). Excess stain was removed and washed twice with PBS. After the plate was air-dried (30 min), the dye bound to the adherent cells was extracted with 200 µl of ethanol (95%). The optical density (OD) of each well was measured at 570 nm using a Varioskan™ Flash Plate Reader (Thermo Fisher Scientific, Waltham, MA, USA). Each strain was tested in at least two independent experiments, each with three biological replicates. Sterile medium was always included as a negative control. Strains were classified according to the ability to form biofilms following the criteria proposed by Stepanović et al. (2000) : non-forming (-), low formation (+), moderate formation (++), and high biofilm formation (+++).
Adhesion to faecal mucus
The ability of the selected strains to adhere to calves intestinal mucus was evaluated. Firstly, mucus from faeces of three healthy calves was extracted using a double ethanol precipitation method and lyophilised until use (Ouwehand et al., 1999) . Adhesion assay was based on the method described by Izquierdo et al. (2008) with minor modifications. Briefly, 200 µl of a 1 mg/ml mucus solution was added to a 96-well polystyrene plate and incubated overnight at 4 °C. Fresh cultures of the strains were centrifuged, washed with PBS and incubated with 100 µM 5(6)-carboxyfluorescein diacetate (5(6)-CFDA; Molecular Probes, Eugene, OR, USA) at 37 °C for 1 h. 5(6)-CFDA serves as a substrate for intracellular esterases releasing 2,7-dichlorofluorescein evidencing the presence of living cells (Bianchi et al., 2004) . Then, the labelled bacterial suspension was centrifuged and rinsed to remove the excess of the fluorophore and incubated in the wells coated with mucus for 1 h at 37 °C in the dark. To remove non-adhered bacteria, wells were washed twice with PBS. To lyse adhered bacteria, 200 µl of lysis solution (0.1M NaOH solution and 1% SDS) was added to each well and the plate was incubated in the dark for 1 h at 60 °C. The contents of each well were transferred to FluoTrac™ white polystyrene plates (Greiner Bio-One, Kremsmünster, Austria) and fluorescence was measured at λex=480 nm and λem=520 nm in the reader FLUOstar Optima (BMG Labtech, Offenburg, Germany). Adherence was expressed as the percentage of fluorescence recovered after binding to mucus, relative to the fluorescence of the initial inoculum. Assays were performed in triplicate and blanks were included while L. murinus LbP2 was used as positive control (Perelmuter et al., 2008) .
Adhesion to Caco-2 cells
Bacterial ability to adhere to Caco-2 cells was evaluated using the method proposed by Jensen et al. (2012) with minor modifications. Cells were routinely cultured in DMEM/High Glucose (Thermo Fisher Scientific) with 10% foetal bovine serum (Gibco/Life Technologies, Grand Island, NY, USA) and incubated at 37 °C in a humidified atmosphere of 5% CO 2 . For adhesion assays, 5×10 5 cells per well were added to 96-well cell culture plates (TrueLine, Downs, IL, USA) and incubated until reaching a value of 95-100% confluence (usually one or two days). Fresh cultures of the bacterial strains were centrifuged and suspended in DMEM at a concentration of 5×10 6 cfu/ml. A volume of 100 µl of the suspensions was added to the wells and the plate was incubated at 37 °C for 3 h in an atmosphere of 5% CO 2 . To remove non-adherent bacteria, wells were washed twice with PBS. Caco-2 cells were lysed with 100 µl of a 0.1% Triton X-100 solution and the suspensions with viable adhered bacteria were plated onto MRS agar. Adhesion was expressed as the percentage relative to the initial inoculum.
The tests were performed in triplicate in three independent experiments. Negative controls without bacteria were added on each plate and Lactobacillus rhamnosus GG (ATCC 53103) was used as the positive control.
Lyophilisation
Strains were lyophilised before the in vivo assay. The microorganisms, previously subcultured in MRS broth, were inoculated at a ratio of 2% (v/v) in MRS broth (1.5 l) and incubated at 37 °C for 18 h in microaerophilic conditions. Cells were harvested by centrifugation during the stationary phase of growth at 10,000×g for 15 min at 4 °C and were washed twice with PBS. Cell pellets were suspended in 20% (w/v) skim milk and this suspension was divided into fifteen 5 ml fractions. Each fraction was kept at -80 °C for 2 h and then lyophilised under vacuum (less than 1 Pa) for 24 h. Dried bacterial cells were stored at 4 °C. Samples were taken to determine the number of cfu/ml by the plate dilution method using MRS agar.
Experimental design of in vivo assay
Four strains were selected after the in vitro characterisation to assess their intestinal colonisation ability in calves. Fifteen calves were randomly divided into five groups, four of which were treated with the different selected strains and the control group received the vehicle without bacteria. Lyophilised strains in 20% (w/v) skim milk (ca. 5×10 9 cfu) were reconstituted in distilled water and administered once a day for five consecutive days to treated groups. Faeces samples were taken before the administration of the first dose (day 0), on day 3, day 5 (end of administration period) and day 15. Samples were immediately frozen at -20 °C until processing. To minimise the incidence of diarrhoea during the experimental period, administration of the strains started when calves were 30 to 35 days old.
Animals and housing
The in vivo assay was conducted at the experimental dairy farm of the National Institute of Agricultural Research (Colonia, Uruguay). Within the first 12 h of birth, 15 calves received two doses of artificial colostrum (Saskatoon Colostrum Company, Saskatoon, Canada), and in the following days, the passive transfer of immunity was inferred by measuring total protein concentration in serum as described previously (Morrill et al., 2013 ) with a PAL-3 Digital Pocket Refractometer (Atago, Tokyo, Japan). The animals were fed 2 l of fresh whole milk from the same pool by bottle twice a day until five days of age. Afterwards, the animals were kept individually in the field with limited space to move and milk was provided in individual buckets maintaining the same feeding schedules with the addition of water, and calf starter (Erro Nutriternera, 18% of protein). Water (2 l) and calf starter (300 gr) were given twice a day, 2 h after milk consumption. Every week calves were moved to different spots free of faeces. The strains were administered for five consecutive days, 1 h after the morning feeding. The control group received the sterile vehicle. Animal handling was carried out under the supervision of veterinarians and with the approval of the Ethics Committee of the University of Uruguay (CHEA, Faculty of Veterinary Medicine).
Quantification of lactobacilli and total bacteria by qPCR
qPCR was used to quantify total bacteria, Lactobacillus amylovorus, Lactobacillus johnsonii and Lactobacillus reuteri in the faeces of calves before, during and after the oral administration period. L. amylovorus was quantified in calves treated with strain L. amylovorus TP8.7, L. johsonii was quantified in calves treated with strains L. johnsonii TP1.1 and TP1.6, and L. reuteri was quantified in calves treated with strain L. reuteri TP1.3B. In the control group, all three species were quantified. Extraction of total genomic bacterial DNA from faeces samples was performed using ZR Fecal DNA MiniPrep™ (ZYMO Research, Irvine, CA, USA) following the procedure indicated by the manufacturer. The primers used for quantification of L. johnsonii were those described by Furet et al. (2004) while for the quantification of L. reuteri and L. amylovorus the primers were designed in this study ( Table 1 ). Primers that targeted L. amylovorus were designed based on a specific sequence of a hypothetical protein published by Konstantinov et al. (2005) . For L. reuteri primers targeted conserved regions of the inulosucrase gene, a fructosyltransferase important in exopolysaccharide synthesis, biofilm formation and gut colonisation Wegmann et al., 2015) . Total bacterial numbers were determined in treated and control groups using primers described by Denman and McSweeney (2006) that targeted conserved region of the 16S ribosomal gene.
All qPCR reactions were performed using a CFX96 Touch™ Real-Time PCR Detection System (BioRad, Irvine, CA, USA). The final volume was 20 µl and contained 1× SYBR Green Power PCR Master Mix (Applied Biosystems, Foster City, CA, USA), 0.3 µM of each primer and 1 µl of a 1/10 dilution of each DNA sample. The qPCR conditions were 95 °C for 10 min, 35 cycles of amplification and melting curve analysis from 60 to 95 °C. The cycles of amplification were the same in all reactions but with different annealing temperatures for the four sets of primers. Cycles consisted of a first denaturation step for 20 s at 95 °C, annealing for 30 s (temperatures in Table 1 ) and extension at 72 °C for 30 s. For quantitative analysis, the Cq of each sample was compared with the Cq of standard curves constructed with dilutions of genomic DNA of the strains. Taking into account the size of the genomes of these species, the number of bacterial chromosome copies in the standard (Kant et al., 2011) , and 1.99 Mb for L. johnsonii (Pridmore et al., 2004) . For the determination of total 16S copies, the standard curve was constructed with serial dilutions of genomic DNA of E. coli XLBlue. Primers showed no cross-reactivity when tested with other phylogenetically similar species. The coefficients of efficiency of the primers that targeted L. amylovorus and L. reuteri were, in average, 90.1% (±2.3%) and 90.7% (±0.9%), respectively. PCR products were analysed by electrophoresis on 1% agarose gels and sequenced to confirm specificity.
Data processing and statistical analysis
To evaluate changes in the quantity of administered lactobacilli species in faeces, the results of the quantification of each sample were relativised to the number of total bacteria and normalised using the results of day 0 (before administration). Therefore, variability caused by handling and processing of the samples was minimised. Student's t-test was applied to establish significant differences between the ratios in control group vs treated. Data analysis was conducted using the program PAST version 3.14 (Hammer et al., 2001) . Significance was held at P<0.05. 
Results
Isolation and molecular identification of
Resistance to bile salts and low pH
To colonise the intestinal tract, strains must reach the site of action and resist the processes of digestion. To assess the ability of the strains to resist these conditions, the effect of low pH and bile salts on bacterial viability was analysed. Difference between initial cfu counts and cfu counts after treatment were converted to log 10 units. Most strains, showed ability to resist to pH 2 and presence of 0.3% of bile salts. Both L. crispatus (TP3.1A and TP3.1B) strains were the only ones that did not resist either condition (Table 2) .
Antimicrobial effect
All strains inhibited the growth of the three pathogens tested. The strains showed varied patterns of inhibition, but in general the most inhibited pathogen was S. Typhimurium (in average 1.8±0.6 cm). The E. coli strains showed similar ranges of inhibition and similar average (1.5±0.4 cm for 52.3 and 1.4±0.4 cm for 61.1). Results are shown in Table 2 .
Biofilm formation
Most strains failed to form biofilms in MRS broth (data not shown), so mTSB culture medium, described in the material and methods section, was used. It was observed that 64% of the strains formed biofilms, of which 15, 30 and 19% showed low, medium and high biofilm formation capacity, respectively (Table 2) .
Bacterial adhesion to mucus
The most promising 35 strains were selected for further testing of adhesion to intestinal mucus of calves, and the results are shown in Figure 1 . The strains differed markedly on their ability to bind to intestinal mucus, ranging from 1.2 to 58.6%. The strains that showed the highest values of adhesion to mucus were TP1.3A, TP1.3B, TP3.1A, TP4.5, TP6.6A, TP8.7, TP9.2, TP9.7 and TP10.8.
Adhesion to Caco-2
Taking into account the results from all the previous in vitro assays, the most promising 21 strains were selected to assess their adhesion to Caco-2 cells. As seen in the mucus adhesion assay, the strains showed a high variability in their ability to adhere to eukaryotic cells. The strain that showed the weakest adhesion potential was TP4.6 with an adhesion value of 2.4%, and the most adherent strain was TP1.1 with a value of 29.7% (Figure 2 ).
Criteria for selection of probiotic strains for the in vivo colonisation assay
The results of the in vitro characterisation process led to the selection of four candidate strains to be tested for their ability to colonise the calves' GIT. The selected strains were L. johnsonii TP1.1, L. reuteri TP1.3B, L. johnsonii TP1.6 and L. amylovorus TP8.7. These strains showed a strong antimicrobial effect, formed biofilm and resisted conditions similar to those found in the GIT. Selection of strains TP1.3B and TP1.1 was mostly based on their high adherence ability to intestinal mucus and Caco-2 cells, respectively. Strain TP8.7 showed high levels of adherence to both Caco-2 and intestinal mucus. 4 Classification of biofilm formation: non-forming (-), low formation (+), moderate formation (++) and high biofilm formation (+++).
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Colonisation of the calves' gastrointestinal tract
Lactobacillus spp. were quantified in faeces of calves using qPCR with species-specific primers on day 0, day 3, day 5 and day 15 (Figure 3 ). In the control group, all three species were quantified. Total 16S rDNA copy numbers were in average 3.2×10 10 copies/mg faeces. L. amylovorus, L. johnsonii and L. reuteri values were in average 2.6×10 6 bacteria/mg, 2.0×10 7 bacteria/mg and 1.2×10 8 bacteria/ mg. For statistical analysis, numbers of lactobacilli were relativised to total bacteria, transformed to log 10 and normalised to day 0 ratios. A ratio value of 0 meant that there was no change in Lactobacillus/Bacteria ratios in that sample compared to day 0 (before the treatment). Administration of strain L. reuteri TP1.3B, caused an increase in L. reuteri/Bacteria ratios compared with control animals on days 3, 5 and 15. Calves treated with strain L. johnsonii TP1.6 showed a significant increase in the T P 1 . 1 T P 1 . 3 A T P 1 . 3 B T P 1 . 6 T P 2 . 1 T P 3 . 1 A T P 3 . 1 B T P 4 . 1 T P 4 . 2 T P 4 . 5 T P 4 . 6 T P 4 . 7 T P 4 . 8 T P 5 . 1 B T P 5 . 2 A A T P 5 . 2 A B T P 5 . 2 B A T P 6 . 4 A T P 6 . 6 A T P 6 . 1 0 T P 6 . 1 1 B T P 6 . 1 2 T P 6 . 1 3 T P 7 . 1 T P 8 . 2 T P 8 . 6 B T P 8 . 7 T P 9 . 2 T P 9 . 7 T P 1 0 . 1 T P 1 0 . 2 T P 1 0 . 5 T P 1 0 . 6 T P 1 0 . 8 T P 1 . 1 T P 1 . 3 B T P 1 . 6 T P 2 . 1 T P 3 . 1 B T P 4 . 1 T P 4 . 2 T P 4 . 6 T P 4 . 8 T P 5 . 1 B T P 5 . 2 A A T P 5 . 2 A B T P 5 . 2 B A T P 6 . 4 A T P 6 . 6 A T P 6 . 1 2 T P 6 . 1 3 T P 7 . 1 T P 8 . 
Discussion
In vitro characterisation has been widely used to evaluate the probiotic potential of candidate bacteria. Traditionally, the approaches used in these studies include the tolerance to gastric pH and bile salt content, antimicrobial effect, biofilm formation, and adhesion to intestinal mucus and enteric cells.
The first step of the present study consisted in the generation of a collection of strains isolated from healthy lactating calves, since several studies point to the use of native bacteria as probiotics ensuring safety and a significant enteric colonisation ability (Morelli, 2000) . Most of the isolated strains were identified as L. reuteri, L. johnsonii and L. amylovorus, which have been isolated from calves and piglets in previous works and have shown probiotic properties (Lähteinen et al., 2010; Maldonado et al., 2012 ).
An important feature of probiotic bacteria is their ability to withstand the acidic conditions of the stomach and the presence of bile salts in the small intestine (Morelli, 2007) . In this study, it was observed that the degree of tolerance was highly variable and dependent of each strain but not of the species, as has already been determined in previous studies (Maldonado et al., 2012; Ripamonti et al., 2011; Vinderola and Reinheimer, 2003) . Several previous studies show that most Lactobacillus spp. strains survive in pH 3 and viability begins to decrease at lower pH values (Bujnakova et al., 2014; De Angelis et al., 2007; Monteagudo-Mera et al., 2012; Wang et al., 2010) . Therefore, we established a value of pH 2 to evaluate bacterial resistance. 
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showed that almost all strains resisted this environmental condition. Bacterial viability in media containing bile salts is indicative of the strain's ability to resist their antimicrobial effect during the passage through the small intestine. The critical concentration for tolerant strains is 0.3% (Erkkilä and Petäjä, 2000) and it has been observed that at lower concentrations bacteria are not lysed (Fernández et al., 2003) . In this study 43 strains survived that condition.
The ability to produce different compounds with antimicrobial effect is important for the effective competitive exclusion of pathogens in the intestine (Dunne et al., 2001) . The nature of the inhibitory substances may range from organic acids, hydrogen peroxide and bacteriocins (Rodriguez-Palacios et al., 2009; Vandenbergh, 1993) . The method used in this work did not allow the identification of the nature of the inhibitory substance but it would be interesting to test the existence of bacteriocins, given their potential to modulate the intestinal microbiota, including pathogens (Diez-Gonzalez, 2007) . All the strains inhibited the growth of all tested pathogens, being S. Typhimurium the most susceptible.
The association of lactobacilli with the intestinal epithelium displays similar characteristics to those found in biofilms, as they are also attached to a surface and embedded in a matrix of their own production (Walter, 2008) . The formation of these multicellular structures is important in the bacteria-intestinal mucosa association and promotes bacterial colonisation (Kolter and Greenberg, 2006; Lebeer et al., 2011) . Vélez et al. (2010) reported a protein in L. rhamnosus GG that regulated both biofilm formation and adhesion to intestinal mucus, showing that both processes may be related. The ability to adhere to abiotic surfaces is not tested routinely in probiotic strains, but recently some authors have added this assay for the in vitro characterisation and have detected a positive correlation between adherence to biotic surfaces and biofilm formation on abiotic surfaces (Martín et al., 2008; Pompilio et al., 2010 Pompilio et al., , 2008 . This study determined that 64% of the strains were able to form biofilms, which was considered as very promising for selection of candidate strains.
The 35 most promising strains were selected to evaluate adherence to mucus and then 21 strains were selected to evaluate adhesion to Caco-2. The ability to adhere to intestinal epithelial cells and/or mucus is considered a favourable characteristic in potential probiotics because it can promote longer persistence time, exclusion of pathogens and interaction with epithelium and host immune system (Collado et al., 2009; Lebeer et al., 2008; Marco et al., 2006) . The mucus layer covering the enteric epithelium is the first relevant area for adhesion and colonisation faced by ingested microorganisms (Juge, 2012) . Surface proteins have been identified that bind to mucus and intestinal cells, although adhesion mechanisms have not been fully elucidated (Sánchez et al., 2008; Vélez et al., 2007) . Despite the existence of new and more sophisticated methodologies, bacterial adhesion is commonly studied in vitro with cell lines, immobilised mucus or extracellular matrix molecules (Jensen et al., 2012) . In this study the strains showed great variability in adhesion ability and the adhesion characteristics were strain-dependent, as has been established in other studies (Kirjavainen et al., 1998; MacKenzie et al., 2010; Ouwehand et al., 1999) . In vitro tests of adhesion to intestinal cells are presented as a good model to study the ability of probiotics to adhere to the intestinal surface. In this work, strains were evaluated on their ability to adhere to Caco-2 cells and they exhibited highly variable adhesion percentages. Some authors have established that L. reuteri strains exhibit good adhesion to cells, but in this work that pattern was not observed (Jensen et al., 2012; Wang et al., 2010) . The lack of standardisation of experimental protocols precludes a comparison between different studies. For example, some authors have presented an adhesion value for L. rhamnosus GG of 2.5% (Jensen et al., 2012) and others of 35% (Argyri et al., 2013) .
Results from the in vivo assay indicated that the oral administration of strains TP1.3B and TP1.6 induced an increase in the number of L. reuteri and L. johnsonii respectively in the faeces of the animals. This could be attributed to the colonisation ability of both potential probiotic strains. Furthermore, this change was maintained until at least 10 days after the last administration, evidencing the ability to persist in the GIT. Strain TP8.7 showed the ability to colonise the gut but did not persist after the administration period. As for strain TP1.1, changes in the quantity of L. johnsonii were not statistically significant. These results show that the in vitro screening process was a good indicator of the potential ability to colonise the GIT. Different L. reuteri, L. johnsonii and L. amylovorus strains have shown a good colonisation ability in humans and pigs (De Angelis et al., 2007; Denou et al., 2008; Konstantinov et al., 2008) , but there are no studies performed on calves. Traditionally, studies on bacterial persistence have been performed generating antibiotic-resistant variants (mostly against rifampicin) as markers to allow the monitoring of the strains (Bunešová et al., 2012; Ehrmann et al., 2002; Frizzo et al., 2010b; Soto et al., 2014) . Given the safety concerns of using antibiotic-resistant strains in in vivo tests and other limitations associated with this technique (e.g. the presence of rifampicin-resistant background LAB) this approach was avoided. Instead, molecular methods were used to assess Lactobacillus spp. colonising ability. Strainspecific primers could even be designed in the future to assess bacterial dynamics in the GIT. We could conclude that quantification by qPCR of the probiotic species proved to be useful for this purpose.
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Conclusions
The results of this study showed that in vitro screening is a powerful tool to assess potential probiotic activity, especially to infer in the colonising ability. Different promising strains showed a remarkable capacity to colonise and persist in the GIT of lactating calves. Further studies will be performed to assess their effect on the incidence of NCD and to characterise potential mechanisms of action.
